Attention to biosecurity has been highlighted as the most important measure to reduce 33 and prevent the introduction of diseases to farms. There is little published information 34 about the biosecurity of dairy cattle in Spain. We therefore aimed to assess and 35 characterize the current application of biosecurity measures on dairy cattle farms in 36 Spain, and relate these to bovine viral diarrhea and infectious bovine rhinotracheitis.
Health status
The BVDV and BoHV-1 sanitary status of the farms was determined using antibody 139 ELISA, taking into consideration the fact that farms that applied vaccines used 140 inactivated vaccines in case of BVDV and marker vaccines (live or inactivated) in case 141 of BoHV-1.
142
For BVDV, antibodies against the p80 antigen were determined using a 143 commercial blocking ELISA(BVD p80 Ab, IDEXX laboratories, the Netherlands), 144 since the antibodies of animals vaccinated with inactivated vaccines react mainly with 145 structural proteins rather than the p125 or p80 antigens (18). Additionally, in Galicia, animal taken 3-4 weeks apart were considered to confirm persistent infection. 151 For the case of BoHV-1, two different tests were used depending on whether 152 vaccines were used on the herd (IDEXX IBR gE antibody, IDEXX Laboratories; the 153 Netherlands) or not (IDEXX IBR gB antibody, IDEXX Laboratories; the Netherlands). 154 All analyses were performed following the recommendations of the manufacturer. 155 Using the results of these tests, three different BoHV-1 and BVDV farm profiles 
Results

181
BVDV and BoHV-1 profiles of the124 farms are summarized in Table 1 Vehicles visiting the farms represented an infection risk for most of the surveyed 208 farms, because nearly all vehicles entered inside the perimeter of all farms (Table 3) .
209
The most frequently entering vehicles were feeder wagons, followed by those collecting Control of visits and staff also showed room for improvement ( The MCA with standardized data explained 38.9% of the variance in biosecurity the MCA chart. All these herds were from Galicia, with low mean herd size (51 cows).
242
These farms were most frequently BVDV and BoHV-1-free.
243
These farms always checked the sanitary status of purchased animals, either at 244 the farm of origin or on arrival. However, they did not have adequate quarantine 245 facilities. This cluster was the one that most often used external rearing farms. Grazing 246 was observed more frequently than in the other clusters, including possible contact 247 between the farm's cattle and ruminants from other farms. In addition, these herds were 248 located in high-density cattle areas, with most located within 1 km of other cattle farms.
249
This cluster was also the one that most frequently shared machinery and materials with 250 other farms.
251
The presence of external workers on Cluster 1 farms was very rare. Farms These farms purchased animals less frequently than did those in other clusters.
260
When they did so, purchases often entailed few animals that were tested, usually at their 261 origin, against BVDV and BoHV-1. This was also the cluster with more control over 262 the transport of purchased animals, avoiding contact with external cattle during 263 transport. As in the previous cluster, these farms were located in high-density cattle 264 areas, and most also had other small ruminant farms within 1 km.
265
Structures such as perimeter fencing or outdoor parking for visitors were also the main risk factor for disease entry to dairy farms (3,26-29).
334
In contrast, cluster 3 included the largest herds in our study, located in Catalonia.
335
Herd size has been previously described as a cluster variable for several biosecurity 
344
On the other hand, when comparing clusters 2 and 1, we observed that farms that 345 purchase animals are somewhat more numerous in cluster 1, so herd size and number of 346 animal purchases are not directly related in these two clusters. The smallest farms 347 sometimes combine dairy production with other professional activities, using dairy 348 farming to supplement family income (31). Thus, the lack of labor and even facilities 349 for rearing heifers could explain the higher frequency of purchases than larger farms in 20 350 cluster 2. Cluster 1 farms also use external rearing farms more frequently than do farms 351 in cluster 2.
352
The most frequent sanitary status for cluster 2 was the presence of seropositive 353 animals without evidence of recent or active infection.
354
The farms of cluster 2 are located in areas of high cattle density and very often 355 close to small ruminant farms. In Spain, the particular case of BVDV circulation in 356 sheep herds has been described (32,33);owners of these herds almost never implement 357 BVDV and border disease virus control programs, and act only in cases of clinical 358 outbreaks. Thereby, the risk they could pose is unknown.
359
The influence of our methodology on these results must be considered. 
